Abstract. Palliative chemotherapy is known to benefit patients with advanced gastric cancer by palliating symptoms and improving survival. The aim of the present study was to evaluate the efficacy and toxicity of chemotherapy regimens that are commonly used in patients with advanced or recurrent gastric cancer. Patients with advanced or recurrent gastric cancer who were treated by at least two chemotherapy regimens between May 2006 and July 2014 at Zhejiang Cancer Hospital (Hangzhou, China) were retrospectively investigated. Survival was evaluated using the Kaplan-Meier method. A total of 248 patients were reviewed, and 158 were evaluated in the final analysis, with a median age of 57 years and a Karnofsky performance status score of ≥80. The median progression-free survival (PFS) time was 168 days for first-line chemotherapy, 96 days for second-line chemotherapy, and the median overall survival (OS) time was 356 days. Further analysis revealed that patients with the disease controlled [complete response (CR) + partial response (PR) + stable disease (SD)], no matter whether they received first-or second-line chemotherapy, may have had an improved OS compared with patients with disease progression (PD). Patients who were treated with >2 lines of chemotherapy had an improved OS compared those who ceased treatment following failure of the second-line chemotherapy. The cycle number of chemotherapy that patients received was associated with OS. The site of the primary and metastatic tumors was also associated with OS. Other factors, including gender, age, histological type, whether a radical operation was received, and chemotherapy regimens, had no evident association with survival. The toxicities were generally tolerated. Taken together, the results from the present study have demonstrated that an increased cycle number of effective chemotherapy may prolong the survival of patients with advanced gastric cancer. Differences among the chemotherapy regimens had no clear correlation with survival.
Introduction
Gastric cancer is the fifth most common malignancy, and has the third highest rate of cancer-specific mortality worldwide (1) . In excess of 70% of the cases worldwide occur in developing countries, and over half occur in Eastern Asia, predominantly in China (1) . A large number of patients are diagnosed at an inoperable stage of the disease, or experience disease recurrence, indicating a poor outcome (2) . The 5-year survival rate of advanced gastric cancer (AGC) was <1%, and the median overall survival (OS) rate was determined to be <1 year (3) . Palliative chemotherapy is an important treatment option for patients with AGC, since it improves survival and the quality of life in patients with a good performance status (4) .
Systemic chemotherapy, with a combination of fluoropyrimidine and platinum, is now regarded as the standard treatment for these patients (4) . Over the course of the last few years, several single or combined chemotherapy regimens containing S-1, capecitabine, platinum agents (cisplatin and oxaliplatin), taxanes (paclitaxel and docetaxel) and irinotecan have demonstrated potent effects for gastric cancer (5) (6) (7) (8) (9) (10) (11) . In addition, a trastuzumab for gastric cancer (ToGA) study reported a clinical benefit of trastuzumab treatment for patients with human epidermal growth factor receptor 2 (HER2)-positive gastric cancer (12) .
However, the efficacy of first-line treatment is modest, and the majority of patients either do not respond to therapy, or eventually experience disease progression. Patients with refractory gastric cancer often receive salvage chemotherapy clinically. The results of two randomized controlled trials (RCTs) were published, revealing an OS benefit from treatments with irinotecan or docetaxel compared with best supportive care (BSC) alone in patients for whom one or two prior treatments had failed (13, 14) . Recently, Kim et al (15) reported a meta-analysis in which a significant reduction in the risk of death was observed in patients receiving salvage chemotherapy compared with supportive cancer treatment. This provided evidence for implementing second-line chemotherapy in patients with AGC. Based on the variety of patients, making the strategy for optimizing the regimens and arranging the order of different regimens for individual patients occasionally remain difficult for oncologists. In the present study, the efficacy and safety of first-and second-line chemotherapy in AGC patients was evaluated with a retrospective analysis, the aim being to investigate the best strategy for choosing chemotherapy regimens and to identify whether increasing the number of treatment cycles will benefit patients.
Patients and methods

Patients.
Patients with advanced or recurrent gastric cancer, who were treated with at least two chemotherapy regimens between May 2006 and July 2014 at Zhejiang Cancer Hospital (Hangzhou, China), were retrospectively investigated. Patients with histologically confirmed advanced or recurrent gastric cancer were retrospectively investigated. Chemotherapy regimens were unrestricted. Furthermore, the eligibility criteria included at least one measurable lesion of ≥1 cm in the longest diameter, or a lymphonodus of ≥1.5 cm in the shortest diameter. The present study was approved by the Ethics Committee and Institutional Review Board of Zhejiang Cancer Hospital (Hangzhou, China), and was conducted in compliance with the Declaration of Helsinki. Patients were followed up until death, or until December 31, 2014 if the patients were alive at that time.
Treatments. Chemotherapy regimens were unrestricted in the present study. Systemic chemotherapy was either mono-or combination chemotherapy, which demonstrated efficacy in gastric cancer, including S1, capecitabine (Xeloda ® ), CPT-11 (irinotecan), SP, S-1 plus oxaliplatin (SOX), capecitabine plus oxaliplatin (XELOX), capecitabine plus docetaxel (XT), folinic acid, fluorouracil and oxaliplatin (FOLFOX), folinic acid, fluorouracil and irinotecan (FOLFIRI), docetaxel and cisplatin (DP), docetaxel and S-1 (DS), docetaxel plus capecitabine (DX), docetaxel, cisplatin and 5-fluorouracil DCF, and so forth. The doses of chemotherapy, and their adjustments, were determined according to the specific situation of each patient. After progression of the disease had occurred, it usually became necessary to switch to another chemotherapy regimen, or to stop chemotherapy and continue with the best support treatment.
Adverse effects. Toxicity was measured using the National Cancer Institute-Common Toxicity Criteria, version 2.0 toxicity scales (16) . Grade 3 to 4 toxicity was recorded according to the medical records.
Assessment and statistics. The response was evaluated every two cycles of treatment using the Response Evaluation Criteria in Solid Tumors (17) . Survival time was analyzed using the Kaplan-Meier software of SPSS, version 15.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant value.
Results
Patient characteristics and clinical data.
A total of 248 patients with advanced or recurrent gastric cancer who had received at least two chemotherapy regimens were reviewed. Of those patients, 90 were excluded due to incomplete follow-up data and an inability to perform a therapeutic efficacy evaluation. This resulted in a total of 158 patients who were suitable for a final evaluation.
The median age of the patients was 57 years and the Karnofsky Performance Status (KPS) score was ≥80. A detailed description of patient characteristics is shown in Table I . Treatment conditions of the patients are shown in Table II , and the specific regimens used in first-and second-line chemotherapies are shown in Table III .
Survival analysis. The Kaplan-Meier distribution curves of progression-free survival (PFS) are shown in Fig. 1A and B for first-and second-line chemotherapy, respectively. The PFS was 168 days [95% confidence interval (CI), 140.6-195.4 days] in first-line chemotherapy, and 96 days (95% CI, 84.0-108.0 days) in second-line chemotherapy.
The Kaplan-Meier distribution of OS is shown in Fig. 1C . The median OS was 356 days (95% CI, 323.7-388.4 days). Further subgroup analyses revealed that OS was significantly longer for the following groups: Esophagogastric junction tumor site (P=0.016; Fig. 2A ) and lymphatic metastasis (P=0.005; Fig. 2B ). The histological factor appeared to correlate with OS, of which patients with well-differentiated tumors had the best OS, patients with poorly differentiated tumors performed more poorly, and patients of 'differentiation unknown' status had the worst OS; however, the difference was not significant (P=0.687). Other factors, including gender, age, and whether a radical operation was received, had no clear correlation with survival (Table I) . Several of the treatment conditions were significantly associated with longer OS, as follows: Treated with >2 lines of chemotherapy (P<0.001; Fig. 2C ), increased number of cycles of first-(P<0.001; Fig. 2D ) and second-(P<0.001; Fig. 2E ) line of chemotherapy, and good short-term efficacy of first-(P<0.001; Fig. 2F ) and second-(P<0.001; Fig. 2G ) line of chemotherapy. Treatment with more drugs in combination chemotherapy resulted in longer OS, although the difference was not significant. Differences between chemotherapy regimens had no obvious correlation with survival.
Safety. According to medical records, the toxicities were, in the main, well tolerated. Grade 3 or 4 adverse events included neutropenia (0.6% in the first-line chemotherapy in a triple regimen, and 0.6% in the second-line chemotherapy) and gastrointestinal reactions (0.6%). In addition, one patient developed grade 2 weight loss on receiving second-line chemotherapy. No neutropenic fever or treatment-associated mortalities were documented.
Discussion
Compared with best supportive care (BSC), chemotherapy is more beneficial for patients with AGC in terms of being able to alleviate symptoms and prolong survival (18, 19) . Based on these published studies, the median PFS was 4-6 months, and the median OS was 7-13 months for patients who received chemotherapy. In the present study, similar results were obtained: The median PFS was 168 days in first-line chemotherapy, 96 days in second-line chemotherapy, and the median OS was 356 days. The further subgroup analyses yielded notable results. These disclosed that OS was significantly longer for the following two groups: Esophagogastric junction tumor site ( Fig. 2A) , and lymphatic metastasis (Fig. 2B) . The result of the former subgroup is not consistent with previous reports, indicating that esophagogastric junction gastric cancer has poor prognosis. This inconsistency could be explained by the small number of cases, and the advances in nutritional treatment for patients with esophagogastric lesions that are currently being made. The results of the latter subgroup revealed that patients with lymphatic metastasis had improved survival rates compared with patients with peritoneal and hematogenous metastasis, and patients with a mixture of metastases had comparatively the worst survival. The histological factor appeared to be associated with OS, although the difference was not significant, which may be attributed to an insufficient number of cases in the present study. Other factors, including gender, age, and whether a radical operation was received, had no clear correlation with survival (Table I ).
In addition, several of the treatment conditions, including treatment with >2 lines of chemotherapy (Fig. 2C) , increasing the number of cycles of chemotherapy ( Fig. 2D and E) , and good short-term efficacy of chemotherapy ( Fig. 2F and G), led to markedly longer OS times. These observations highlighted that, if patients have a good tolerance to chemotherapy, they ought to be provided with more opportunities for chemotherapy. Furthermore, the administration of more drugs in combination may result in longer OS rates; although no significant differences were identified in the present study, this may have been due to the small number of cases involved. However, regimens with larger numbers of drugs may result in more severe side-effects. The National Comprehensive Cancer Network (NCCN) guidelines from 2015 (https://www.nccn.org/professionals/physician_gls/f_ guidelines.asp#gastric) recommend that two-drug cytotoxic regimens are preferred as the first-line therapy, and the second-line therapy should be dependent on prior therapy and performance status. In the present study, two-drug cytotoxic regimens were routinely used (84.8% in the first-line, and 72.2% in the second-line).
The most commonly used drugs in the treatment of AGC include oxaliplatin, taxanes, and irinotecan. Alternatively, fluoropyrimidine and cisplatin are often administered as basic drugs. In the first-line chemotherapy, three groups, including oxaliplatin-containing, taxane-containing and other regimens, had no clear correlation with survival. A randomized phase III study (AIO) demonstrated that irinotecan was able to prolong the OS in patients with AGC whose first-line treatment failed, compared with the BSC (13). Therefore, irinotecan-contained regimens were compared with other regimens as a second-line therapy. The median PFS was 90 days for the irinotecan-containing regimen group, 73 days for the oxaliplatin-containing regimen group, 105 days for the taxane-containing regimen group, and 94 days for the 'other regimens' group. No significant differences were identified among the different groups. The current study had certain limitations. Conducting a retrospective analysis resulted in several differences between the numbers of patients in each of the groups. The toxicities were not recorded in detail. Nevertheless, the present study remains of certain consultative value for the performing of 
